ABSTRACT T-suppressor-cell activity was analyzed by use of an intermediate culture system that allows the study of T-cell interactions in the absence ofconcomitant inducer effects on B cells.
tional deletion of immune activity that persists after they themselves are removed, for example, by antisera, or in physiological situations by the negative form of regulation postulated.
Many of the cellular interactions leading to the development of Ly-l-,Ly-2' (Ly-2) suppressor T cells that inhibit the response to heterologous erythrocytes and other antigens in mice have been elucidated. Two major circuits, made up ofseparable subsets ofT cells, have been defined. One, referred to as "feedback suppression" (1) , consists ofan Ly-1,Ly-2 (Ly-1) inducer cell (this cell also expresses I-J and Qa-1 alloantigens), an Ly-1,2 transducer cell § (which is also I-J+ and Qa-l), and an Ly-2 effector cell (which is I-J-and Qa-l-) (2) . Another, best described as "suppressor amplification" (3, 4) , has an Ly-2 inducer cell [which is also I-J+ and likely to be Qa-1-(4)], an Ly-1,2 transducer cell (which is I-J+ and Qa-l?), and an Ly-2 effector cell (I-J?). There is additional evidence for multiple interactions in the generation ofactivated Ly-2 suppressor-effector cells (5) , but it is not clear in these cases whether the interactions described are similar or additional to the ones described above.
In addition to the cellular components of the suppressor cell circuit(s), many of the molecular mediators used by the cells have also been identified (5) . Most of these are I-J+. However, there is no evidence that the molecular mediator that delivers the actual suppressive signal to the target cell expresses I-J subregion-controlled gene products. Actually, little is known about the mechanism by which suppression is effected.
There is evidence that the target of suppressor cells can be a cell in the B-cell lineage (6) or a cell in the macrophage lineage (7) or some T-cell subset (8, 9 cell activity. To do this, we repeated the experiment presented in Table 1 Whether this is dueoto a simple quantitative effect or whether the Ly-2 cells (like the Ly-i cells that they inactivate) are qualitatively different and can be separated into suppressor cell subsets remains to be determined. It may be possible to distinguish between these alternatives by determining whether the suppressive clonal product that eliminates T helper activity (9) also works on T suppressor-inducer cells. Ifit does, then the relative sensitivities of the two types of Ly-i T cell activity to a single clonal product can be measured.
We are not quite sure how to interpret the results in group d in which the ability of Ly-i cells to help B cells make antibody was curtailed while their ability to help T cells plus B cells was not so severely affected. It is possible that there is a second Ly-1 helper cell, as postulated by Janeway et al. (15) , that delivers help only when "standard helper cells" are present and that this second helper cell exhibits an even greater resistance to suppression than does the "standard helper cell." More work with this system, in conjunction with cloned suppressor cells (9) , must be done to allow us to draw such a conclusion. The system devised seems suited to analyze such a question.
The kinetics of the inactivation of Ly-i T-cell helper activity by Ly-2 suppressor T cells is shown in Table 3 . At 24 hr, inactivation was evident only when low doses of Ly-i T helpers were added to B-cell assay cultures (80% reduction). When higher doses of T cells were transferred, no apparent effect of having had suppressor T cells in the intermediate culture was seen. By 48 hr, however, the effect of the suppressor T cells on the helper T cells in the intermediate culture was evident, even when higher doses of Ly-i T cells were transferred (80% reduction). Thus, the activity of Ly-I T helper cells that is deleted by a fixed number of Ly-2 suppressor cells is related to the amount of time of interaction between the two cell types.
DISCUSSION
The analysis ofT-suppressor-cell activity requires the definition of three distinct steps: (i) activation, (ii) interaction with target cells, and (iii) the functional consequences ofthese interactions. To perform these analyses, the steps must be separated from one another. Fresno et al. (9) have separated step 2 from the others by incubating Ly-i T helper cells with the purified product ofan Ly-2 suppressor T-cell clone. We have shown that step 2 can also be analyzed and quantified in isolation by using cells generated in the course ofan immune response. Activated suppressor T cells can be mixed with their potential targets, the Proc. Nati. Acad. Sci. USA 78 (1981) Another target of T-cell suppression is the Ly-1 T cell that induces suppressor-cell activity. The finding that this cell is more sensitive to suppression than the T helper may be relevant to the interpretation of recent evidence on the role that contrasuppressor-effector cells, which interfere with suppression (16) (17) (18) , play in immunoregulation. It must be determined whether the Ly-1 inducers of "feedback" suppression are less susceptible to endogenous contrasuppression rather than more susceptible to suppression. In either case, as the inducer of the suppressor circuit is one ofthe targets ofthe cells that it induces, these results establish that the term feedback suppression is an appropriate one.
Recent observations indicate that T suppressor effector cells are short-lived in the absence of a continued inducing signal (unpublished results). Taken together with the above findings, this suggests that a form of negative regulation ofT suppressor cells may exist. Thus, by inactivating the Ly-1 inducer cells required for their continued existence, suppressor T cells may abort their own existence.s
In addition to its use in the study of regulatory interactions, the intermediate culture system allows careful quantitative studies at the time that suppressor-cell activity is expressed (such as during the inactivation of Ly-1 T helper cells). Questions that have been asked of cytotoxic T-cell activity (T-cell "killing") can be applied to the suppressor cell, and the various roles of DNA, RNA, and protein synthesis, Ca2+, microtubules and microfilaments, and such can be determined. Given the number of similarities already observed between suppressor and killer T cells, it is not altogether unlikely that some classes of T suppressor cells may kill their target cells. Specificity of killing could be determined by virtue ofrecognition ofantigenspecific receptors. These proposed T suppressor/killer cells could effect clonal deletion not only in the functional but also in the classical sense.
In any case, functional or actual deletion of inducer cells by the suppressor cell could produce a state of immune unresponsiveness due to prior suppressor-cell activity but without the ability to subsequently demonstrate suppression. If so, then suppressor-cell activity would be detectable only when the deletion of the cells that induce their activity was incomplete. Thus, the often-asked question of whether immunological tolerance results from clonal deletion or T suppression might prove to be, in the end, pleonastic.
